Introduction
The term cardiorenal syndrome (CRS) has recently been introduced in an attempt to emphasize the tight interaction between the cardiovascular (CV) and renal systems in acute or chronic disease settings [1] . Primary disorders of one of these two organs often result in secondary dysfunction or injury to the other [2] . CRS type 4, or chronic renocardiac syndrome, has been defined as 'chronic abnormalities in renal function leading to cardiac disease' and recognizes the extreme burden of the CV disease (CVD) risk in patients with chronic kidney disease (CKD), such as chronic glomerular disease and autosomal dominant polycystic kidney disease [1, 3] .
CKD is common and increasingly recognized as a risk factor for CVD. Evidence has demonstrated that patients with CKD are more likely to die of events related to CVD than from consequences of progression in renal failure per se [4, 5] . Almost half of all deaths in patients with CKD are caused by CV events, particularly congestive cardiac failure, acute myocardial infarction and sudden cardiac death [6] . Onset of CKD is associated with an increased predilection for the development of CVD-related events [7, 8] . The association between reduced re-nal function and CV risk is apparently consistent at estimated glomerular filtration rates <60 ml/min/1.73 m 2 [9] . The risk for CVD increases gradually with decreasing renal function [10] . With increasing CKD levels, culminating in dialysis dependence, the association between CKD and cardiac disease follows a dose-response relationship.
Although during the past 10 years the burden of CVDrelated morbidity and mortality has improved remarkably in the general population, CV morbidity and mortality remains elevated in CKD patients. Patients with CKD should be evaluated thoroughly for CV risk factors which require an aggressive management given the significant implications of CRS type 4 at both individual and societal level ( fig. 1 ) .
In this paper, we briefly review the management of the most important conventional and nonconventional CVD risk factors related to CKD.
Risk Factors for CVD in CKD
Persons with CKD are predisposed to three types of CVD -atherosclerosis, arteriosclerosis and cardiomyopathy -when compared with age-and gender-matched persons with normal kidney function [6] .
Atherosclerotic disease in CKD patients is somewhat different from that in the general population. Even though in both groups atherosclerosis is an intimal disease characterized by the presence of atheromatous plaques, in CKD and in dialysis-dependent patients this atherosclerotic burden is further complicated by an increased frequency of calcific lesions, an increase in medial thickness and calcification involving medium-to large-sized blood vessels.
These vascular processes result in a significant loss of vessel wall compliance, decreased aortic compliance and increased pulse pressure, which are all independent risk 202 factors for CVD [11] . The loss of compliance is often associated with an increase in systolic blood pressure and pulse pressure, resulting in accelerated left ventricular (LV) hypertrophy (LVH), decreased coronary artery functional reserve and coronary perfusion, and hence could jeopardize myocardial microcirculatory reserves.
CKD stage I -II
The management of CRS type 4 requires a multidisciplinary approach. Because of the presence of so-called traditional CV risk factors, these represent an obvious target for therapy, as they would in the general population. They might be divided into fixed factors which are inherent to the individual, such as genetic factors, sex, age and family history, and those that are acquired and therefore may be potentially modifiable, such as lifestyle, hypertension, dyslipidemia and diabetes.
Additional management strategies have mostly targeted those risk factors that are particular to, or amplified in, CKD patients, such as hypertension, anemia, calcium/ phosphorus abnormalities, malnutrition, inflammation, uremic toxins, neurohormonal activation, endothelial dysfunction, LVH and hyperhomocysteinemia ( table 1 ) .
With dialysis initiation, other CV risk factors should be considered, such as increased inflammation, bloodmembrane and blood-catheter interactions, dialysate contaminants, catheter infections and hemodynamic stress [12] .
Management of CV Risk Factors in CRS Type 4
Hypertension Early CKD is associated with an increase in diastolic and, to a lesser extent, systolic blood pressure [6] . With the onset of CKD, already existing hypertension may worsen, or new-onset hypertension could develop because of an increase in plasma volume due to salt and water retention, increased activity of the renin-angiotensin-aldosterone system and sympathetic activity, and accumulation of circulating endogenous vasoactive substances [6] . Without effective control of hypertension and salt-water retention, blood pressure gradually increases and causes further progression of renal damage, thereby triggering a vicious cycle [13] .
Tight blood pressure control in patients with CKD is associated with reduced CV risk and a reduced rate of decline in renal function. In all CKD patients, blood pressure should be <140/90 mm Hg and in patients with CKD and diabetes or those with significant proteinuria target values should be <130/80 mm Hg [14] [15] [16] . Once established on dialysis, blood pressure targets are less clear and whilst it seems prudent to avoid extremes of blood pressure (systolic blood pressure >160 or <120 mm Hg), it is hard to issue more stringent recommendations [14] [15] [16] .
Angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin II receptor blockers (ARBs) should be used preferentially where tolerated, particularly in patients with diabetes and/or proteinuria. ACEIs have positive effects on neurohormonal activity and ventricular remodeling, while ARBs seem to reduce oxidative stress and inflammation. In a randomized trial performed on end-stage renal disease (ESRD) patients, fosinopril was found to reduce CV death, heart failure, myocardial infarction and nonfatal stroke [17] . Moreover, Pun et al. [18] demonstrated that the use of ACEIs and ARBs was significantly associated with a longer survival in hemodialysis (HD) patients after cardiac arrest.
β-Blockers have several antihypertensive effects, including a reduction in cardiac output and vascular resistance and an inhibitory effect on renin release. In the Bezafibrate Infarction Prevention Study, β-blockers were found to reduce CV risk in coronary artery disease patients with or without CKD [19] . Cice et al. [20] showed that carvedilol significantly decreases CV mortality among HD patients . Abbott et al. [21] evaluated a cohort of new dialysis patients and demonstrated that patients not previously treated with β-blockers were more likely to develop new-onset heart failure. The treatment and prevention of arrhythmia and sudden cardiac death remains a challenge. Apart from attention to electrolyte disorders and avoidance of low-potassium dialysate, whenever possible the use of β-blockers seems beneficial [22] . ACEIs and ARBs appear promising but have yet to prove their efficacy in prospective trials [23] ( table 2 ) .
Anemia
Anemia is considered to be one of the most important factors along with hypertension for the development of LVH in CKD patients. LVH is common among dialysis patients and it is an independent predictor of mortality [24] . Therefore, correction of anemia is considered to be an essential strategy in the CRS type 4 population.
Despite a strong suggestion of the benefit of anemia management in observational trials [25] , a number of studies in predialysis patients yielded disappointing results. The TREAT study, a randomized, double-blind, placebo-controlled trial involving 4,038 diabetic CKD patients with moderate anemia treated with darbepoetin-α failed to show a benefit in terms of CV events or death. Also, the correction of anemia to a hemoglobin (Hb) level of 13 g/dl was associated with an increased risk of stroke [26] .
In addition, three of the major randomized controlled trials of anemia correction, CHOIR (Correction of Hemoglobin and Outcomes in Renal Insufficiency), CRE-ATE (Cardiovascular Risk Reduction by Early Anemia Treatment with Epoetin-β) and NHCT (Normal Hematocrit Cardiac Trial) studies, failed to show the benefit of achieving a high Hb target level. Indeed, there was a trend towards an increased risk for death with Hb >13 g/dl [27] [28] [29] .
In the CHOIR trial, 1,432 patients with anemia and stage III-IV CKD were randomized to an Hb target of 11.5 or 13.5 g/dl and followed for an average of 16 months. The CV event rate was higher in the higher Hb group. However, data on blood pressure control and quality of antihypertensive drug reporting were inadequate. It is possible that insufficient iron therapy alongside high doses of erythropoietin may have led to iron depletion and reactive thrombocytosis [30] .
In the CREATE study, systolic blood pressure >160 mm Hg was increased by 50% in the normal Hb group, and one explanation for the increased risk of death in higher Hb values is the concomitant increase in blood pressure contributing to LVH and CV events. The importance of intensive iron therapy during full correction of renal anemia to prevent iron deficiency-induced reactive thrombocytosis, which is recognized to cause fatal stroke and cardiovascular thrombosis, has been highlighted in the recent literature [30, 31] .
The NHC trial, which was performed on >1,200 ESRD patients with known cardiac disease, was stopped early because of a nonsignificant but worrisome increase in deaths in the group with the target hematocrit of 42% [27] .
A recent systematic review and meta-analysis of erythropoiesis-stimulating agent therapy estimated the risk of stroke associated with this therapy to be increased approximately 1.5-fold, with a higher risk of hypertension and possibly increased risk of death, serious CV events and ESRD with higher Hb targets [32] . All of these studies have influenced the current recommendation of correction of anemia with erythropoietin-stimulating agents in CKD patients to a target of 11-12 g/dl. Calcium/Phosphorus Abnormalities CKD mineral and bone disorder (MBD) has been linked to the progression of cardiac disease and CRS type 4, and investigators have shown a link between even mild degrees of renal injury and vascular calcification [33] ( fig. 2 ) . Therefore, special consideration must be taken to MBD aiming at normal phosphorus levels, avoiding hypercalcemia and treating secondary hyperparathyroidism in order to maintain the mineral buffering ability of active bone turnover and reduce vascular calcification [34] .
Hyperphosphatemia is tightly related to CVD in CKD patients [35] . In a study performed on subjects with CKD stage III-IV, high serum phosphorus levels were found to be associated with increased rates of death and myocardial infarction [36] . In terms of phosphate binding, a recent Cochrane systematic review concluded that sevelamer hydrochloride and lanthanum carbonate were not superior to calcium salts for phosphate control, and although several of the studies showed improvements in the surrogate outcome of vascular calcification, this was not associated with any significant reduction in CV morbidity and mortality [37] . A subgroup of patients in one study with higher CV risk by virtue of age did have an improved outcome with sevelamer [38] .
High parathormone (PTH) as a result of CKD-MBD has also been associated with adverse CV outcomes [39] . In a health technology assessment and systematic review of cinacalcet, the investigators found significantly lower PTH and decreased CVD-associated hospitalizations [40] . Whether or not this approach can reduce hard CV endpoints and mortality is the objective of an ongoing large randomized trial, EVOLVE (Evaluation of Cinacalcet Therapy to Lower Cardiovascular Events), whose primary outcome measures include all-cause mortality or nonfatal CV events (myocardial infarction or hospitalization for unstable angina, heart failure or peripheral vascular event) [41] . In this study, 3,883 HD patients with moderate-to-severe hyperparathyroidism have been enrolled. Inclusion of subjects from multiple global regions with varying degrees of disease severity will enhance the external validity of the trial results [42] . Vitamin D receptor activation is another disorder related to CKD-MBD, and insufficient activation also may contribute to CRS type 4 [43] . Vitamin D receptor activation is a negative regulator of the renin-angiotensin-aldosterone axis, hence vitamin D analogues could theoretically inhibit this axis while providing control of PTH and activating vitamin D receptors. This holds promise in the management of CRS type 4 [44] [45] [46] . A recent editorial highlighted the need to examine this strategy further with more than just surrogate outcomes [47] .
Dyslipidemia
Dyslipidemia is considered to be an important CV risk factor in CKD patients. With the progression of kidney injury, patients develop lipid abnormalities, which are characterized by the accumulation of partially metabolized triglyceride-rich particles resulting in the production of predominantly very-low-density lipoprotein and intermediate-density lipoprotein remnants [48] .
Statins play a central role in the primary and secondary management of the CVD risk. Subgroup analysis of pravastatin trials (CARE, LIPID and WOSCOPS) demonstrated that pravastatin is able to reduce CV event rates in early CKD [49] . In HD patients, the 4D study (Die Deutsche Diabetes Dialyse Studie) failed to show a significant effect on a composite end point of CV death, nonfatal myocardial infarction, and stroke in diabetics treated with atorvastatin [50] whilst in the AURORA study (Assessment of Survival and Cardiovascular Events) rosuvastatin did not reduce CV events compared to placebo [51] . However, the subsequent SHARP (Study of Heart and Renal Protection) included 3,023 ESRD patients and 6,247 CKD patients not on dialysis, and preliminary results showed a significant benefit of the combination of simvastatin and ezetimibe [51] . Treatment lowered the risk of major atherosclerotic events, with a risk ratio of 0.83 (95% confidence interval 0.74-0.94, p = 0.0022). Consistent with the negative findings of 4D and AURORA, the subgroup of ESRD patients in SHARP seemed to experience less benefit compared with lesser degrees of CKD, and all-cause mortality was unaffected. In renal transplant patients, the ALERT trial demonstrated a reduction in cardiac deaths and nonfatal myocardial infarction with fluvastatin [52] . A pragmatic approach is to recommend therapy with statins in CKD stages I-IV and transplanted patients with a 10-year risk of CVD, calculated as over 20%, in keeping with the Joint British Guidelines.
Left Ventricular Hypertrophy LV abnormalities, so-called 'uremic cardiomyopathy', are strongly associated with an adverse outcome in ESRD patients. Echocardiographic studies report three patterns of cardiomyopathy -LVH, LV dilatation and LV systolic dysfunction -affecting up to 85% of ESRD patients [14] [15] [16] . The prevalence of LVH in ESRD is 50-80%, with LV dilatation in 20-40% and LV systolic dysfunction present in approximately 16%. LVH develops early in CKD and is associated with LV wall stiffening, a precursor of diastolic heart failure. The major determinant of LVH in CKD is hypertension, but anemia, hyperparathyroidism and abnormal calcium-phosphate metabolism all promote LVH [53] . Therefore, the management of all these factors is strongly recommended in ESRD patients.
Dialysis-Related Issues
With CKD progression, renal parenchyma, which is already characterized by inflammation and glomerular/ interstitial damage, starts to display significant symptoms of fibrosis and sclerosis. At the same time, the clinical picture evolves into overt uremia and renal replacement therapy becomes obligatory.
Several of the disorders mentioned previously can be partially corrected by HD initiation, which may contribute itself to an increased CV morbidity and mortality due to the chronic inflammation and the hemodynamic stress induced in these patients. Different factors are involved in the pathogenesis of the chronic inflammation related to HD treatment. Blood exposure to an artificial dialysis membrane activates the complement cascade and increases nitric oxide production and cytokine secretion [54, 55] . The presence of contaminants, such as endotoxin fragments or small muramyl dipeptides, which may be potentially found in the dialysate and may cross the dialysis membrane by backdiffusion and backfiltration, stimulates monocyte activation [56] . The use of catheters or synthetic grafts represents a possible source of infection and inflammation [57, 58] .
Subclinical infection has been recently highlighted as an inflammatory stress in HD patients. Schindler et al. [59] identified short fragments of bacterial DNA in the dialysate, which were capable of passing through highflux membranes and inducing IL-6 responses in mononuclear cells. Moreover, in a study performed on 81 HD patients, Cazzavillan et al. [60] demonstrated the presence of bacterial DNA from both blood and dialysate compartments in 89.5% of the population without clini-206 cal evidence of infection. These patients presented high levels of C-reactive protein, IL-6 and markers of oxidative stress.
Also, hemodynamic stress induced by HD therapy increases CV morbidity and mortality in this population of patients. The presence of an arteriovenous fistula and treatment interruption with the consequent fluid accumulation and electrolyte shifts during the interdialytic period are well-known factors contributing to the pathogenesis of LVH and cardiac arrhythmia.
Peritoneal dialysis (PD) also increases the CV risk in CKD patients due to fluid overload, chronic inflammation, oxidative stress, infections and malnutrition [61, 62] .
Advances in the dialysis technology may improve hemodynamic stability, reduce oxidative and inflammatory stress and result in more efficient removal of toxins of low and middle molecular weight leading to the concept of 'cardioprotective dialysis'. The application of new technologies involves the use of new biomaterials designed to ameliorate inflammatory responses and enhance membrane performance as well as the use of machines with functions well integrated in terms of safety, quality of therapy, performance and monitoring.
A Cochrane meta-analysis on biocompatible membranes revealed a reduction in β 2 -microglobulin levels, an increase in albumin concentrations and an improvement in Kt/V, although mortality was not affected [63] . House et al. [64] did not find any benefit of high-flux polysulfone membranes compared with low-flux membranes in terms of lipid and homocysteine levels in a controlled trial. In contrast, Chauveau et al. [65] , in an observational study, have shown that high-flux membranes were associated with improved 2-year survival.
Different studies have reported that 'hemofiltration' or 'hemodiafiltration' treatment was associated with better blood pressure control, lower incidence of intradialytic hypotension or arrhythmia, better β 2 -microglobulin and phosphate clearance, reduced inflammation and oxidative stress as well as a lower hospitalization rate [66] [67] [68] . Gerdemann et al. [69] demonstrated that the levels of advanced glycation end products decreased with the use of ultrapure water and hemodiafiltration, thus leading to a lower incidence of atherosclerosis, amyloidosis and neurodegeneration in HD patients.
The importance of the use of an ultrapure dialysate in reducing the chronic inflammatory status, oxidative stress and lipid abnormalities, suggesting a possible contribution to reduce CVD risk, has been stressed by Honda et al. [70] .
Moreover, improvements in patient monitoring during HD may increase safety and tolerability. Blood volume control using biofeedback systems has been developed to modulate blood volume and plasma refilling by adjusting the ultrafiltration rate and conductivity. Two different studies demonstrated a significant reduction in intradialytic hypotension rate with the use of this approach [71, 72] . Whether these devices can ameliorate the hemodynamic stress enough to impact on long-term CV complications remains to be demonstrated.
PD might circumvent the hemodynamic instability of frequent and rapid ultrafiltration associated with conventional HD. However, some data suggest that PD is associated with a lower mortality than HD in the first 1-2 years; afterwards, the mortality may be higher on PD than on HD. Conversely, other registry data do not support this finding. Further long-term studies assessing surrogate and hard endpoints of CV outcomes in PD patients are required [62] .
Conclusions
Heart performance and kidney function are strictly interconnected and communication between these organs occurs through a variety of pathways. It is thought that the overlap between CVD and CKD denotes common pathophysiological processes that relate in harmful ways to promote CRS type 4, a cycle of organ dysfunction.
CKD patients carry a heavy CV burden leading to high morbidity and mortality. This can be attributed to the high prevalence of traditional risk factors, such as advanced age, diabetes and hypertension, but also derives from CKD-related morbidity, such as sympathetic and renin-angiotensin hyperactivity, sodium retention, fluid overload, anemia, dyslipidemia, MBD and inflammation. Aggressive risk modification, a high index of suspicion for CV morbidity, and proper and secondary intervention are essential. The complete pathogenetic characterization of cellular and subcellular orchestration in heartkidney crosstalk and the use of new cardiac and renal biomarkers could help in the choice of the best therapeutic option and improve survival. Furthermore, large highquality trials involving CKD patients are urgently needed to provide results which could support effective treatment strategies. Until such results are available, it appears sensible to avoid 'therapeutic nihilism' and aim for established treatment targets with an individualized patientoriented approach.
Present and future studies on pathophysiological mechanisms involved in CRS type 4 will allow the development not only of better directed but also of more appropriately timed therapeutic strategies to improve outcome in these patients.
